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Introduction by Yukihiro Kamiyama 


Japanese architecture hrings to mind stupendous Buddhist temples and 
shrines, plus the three- and five-story pagodas. Amongst these sacred places, 
one cannot help being overwhelmed by the radiance emanating from the 
structures. The purity of the lines Leaves us in awe. 

Master craftsmen, inspired by the beauty of the Japanese cypress and 
Belkova and influenced by the Japanese culture, produced these works ot art. 

Behind the beauty lies the skill and knowledge of an artisan.The harmony 
of the creation conceals the complexity of the assemblage. Simple elements, 
such ns bearing blocks, all play a role in the final result. 

There are many ways to join members together. Beams can be tied with 
ropes, carved and assembled or connected with nails, screws and glue. When 
these structures were erected, joining was an extremely elaborate technique. 
Master jointers were dedicated craftsmen responsible for splicing and connect¬ 
ing elements of a building. Many factors had to be considered. The connec¬ 
tions had to be strong enough to transfer forces such as bending, torsion and 
shear, yet appearance was an important factor. A variety of techniques 
sometimes simple, sometimes elaborate were developed. 

We can only marvel at the solutions adopted. They took into account time 
dependent process, such as shrinkage or slippage caused by dynamic loading. 
The intricacy of the internal structure ol ihe joint is hidden by the apparent 
simplicity of its appearance- Various shapes connect into each other with ease. 
This wisdom is the result of years of patient work; we have much to learn from 
it. 

Master Sumiyoshi and Professor Matsui met while working on the design 
and construction of Eishin Gakuen Higashino High School (architecture by 
Christopher Alexander). The school is famous for its large wooden structure, 
the first erected in Japan for many years. 

Master Sumiyoshi contributed his experience and knowledge to the many 
splices and joints available to the builders. Professor Matsui, working as an 
advisor, was deeply impressed by Master Sumiyoshi’s knowledge. Feeling his 
lifelong wisdom should not be lost, he planned this book in preserve a valuable 
heritages It is to be of interest to students of wooden architecture and engineer¬ 


ing worldwide. 

The purpose of this book is mentioned in the authors’ comments. 
Nowadays, joints are made using metal parts. The splices and connecting 
joints have become much simpler. It is now possible to construct large wooden 
structures using standard processes. However, the uncertain properties or 
wood have brought forward the problem ol weakening ol the joints. 

This work goes back to the fundamental of joining. It is recommended to 
all technicians and also to architects and engineers. 


Yukihiro Kamiyama 
Professor, Waseda University 





























Authors’ Comments 


This hook explains splices and connecting joints of traditional Japanese 
wooden architect ore with pictures and. diagrams. Although plenty of boohs 
Have been published about splices and connecting joints, none of them have 
used both pictures and diagrams as illustrations. In most cases, pictures have 
only showed one or two examples of a joint and it is difficult to comprehend 
the complexity involved in joining the parts. Consequently, we decided u> use 
several pictures and diagrams showing the sequence of assembly which will 
hopefully make the descriptions easier to follow. Dimensions have also been 
included, a feature not found in most other publications. 

Our first objective is to ensure that traditional workmanship skills are 
accurately transferred to the next generation. Our predecessors accumulated 
the know-how necessary to achieve complex and effective design over the 
years. The intricacy of the joints enhance the character of the wood, bringing 
it alive. Many of these joints preserve the natural strength ratio carefully 
balancing shear, bending, torsion, compression and taking shrinkage into 
account. 

Our second objective is to see whether these techniques can be utilized in 
contemporary architecture. Tit is book describes the original characteristics of 
the joints. Home modifications might be required lo make them effective for 
today's building technology. Bolts and modern adhesive could be used. The 
authors do not want to make such proposals; we leave it to the readers. 


May, 1989 

Torashichi Su mi yosh i 
Gcrigo Matsui 
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SPtfCE 01 


Stepped dovetailed 
splice 

(Koshikake oritjugi) 


This simple splice is utilized. primarily 
to join groundsills. The most common lum¬ 
ber sections range from 105mm m 120mm 
square. The ends to he spliced are notched 
at half depth, The male is shaped like iht: 
tail ol a dove, narrow at the girth then 
flaring out. The female is precisely hollowed 



out to fit. A snug lit is a common character¬ 
istic of all joints. This joint is simply assem¬ 
bled hy sliding the male into ihc female. No 
;nxial shifting is required,This feature makes 
tins joint particularly useful on groundsills. 
Even though this splice aims to resist tension 
in a structure, its effectfee tensUc strength b 
small. 






3 





0 M^lo- nod female 



@ The male slides into the 'female 



€) Assembled splice 
















































































A tension test was; carried out on an 
assembly of typical dimensions 

The tested splice was made of black 
pine with an average annua] ring width of 
2,5mm, The compressive capacity(yield 


strength’! oI'black pine is 42Qkg/om 7 . Hue 
female failed in tension by developing a 
longitudinal crack originating from a nook 
and following the grain. The ultimate tensile 
strength of the- splice was ■j$Ilkg r 



Test sample dinnsnaions 



Dsd gj.i>:n- 



^rraoSaui&nts of dial gauges 




Before fsilurs 



After failure 
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• SPUCE 07 m 

Stepped gooseneck 
splice 

(KoshSkoke kamertsugt] 


square section lumber between 150mm find 
200mm. For sections of more than 200mm 
oblique scarf splices, are more appropriate- 


fin; gooseneck splice is also usee I on 
groundsills; however* it has A higher 
strength than the dovetailed splice. In prat - 
lire, it is used its join larger lumber sections 
than the preceding splice. The gooseneck, 
with tenon and mortise serves to splice 
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j Jut tensile test was performed an an 
assembly of the same size and material as 
faf the dovetail splice. At ultimate strength, 
i SVIJ mudes of failure occurred- At firs! the 
ji-hrii failed in bearing, crushing the head of 


i he gooseneck again si (he abut mu,: he h oF (h<- 
It/malt: end. The second mode involved the 
shearing of a rib at the head of the male 
end. The ultimate strength of the model 
rested was 2400kg,. a significant increase in 
strength compared to the dovetailed splice’. 




D--=£. ac£nx!fl! (nun J 

Load-displacement curve 


Before failure 



J Bearing failure 

made 

2 Shearing failure 
mode 

After failure 
















































































































































• SPUCE 03 • 

Rabbeted oblique scarf 
splice 

(Gkkake dcnSen tsugi) 

This Splice can be tj.-scci to join ground¬ 
sills, girders Or beams. The two cuds of |hg 
joints are identical and referred to as the 
upper wood and lower wand. Two mortises 
are deepened through the depth of the 
splice for inserting draw pins. The joint is 
assembled by sliding the interna] face of the 
upper wood over rhe Internal Ikcp of the 


tower wood* keeping the surfaces of the 
middle drops {surfaces “’d") in close eon- 
tact. The pieces are then pressed together 
and -secured by pounding in two draw pins, 
effectively interlocking the from and back 
surfaces of lIu: joint (surfaces lL a”)„ The 
pias are inserted from the thicker end 
toward the thinner end. in an alternate 
lashion. Unlike other oblique scarf splices, 
no axial shifting is required to assemble this 
splice,, making it particularly suitable for 
instil 11 injr or replacing a beam between Lined 
supports or a sill between anchored points. 
This rabbeted oblique scarf splice could be 
more appropriately called "Tinned rabbet¬ 
ed oblique scarf splice’’. 





I ?0 LEO ration 


CtJitcr 


1:30 ruinaton 


EkrvulCn 


Llevatoti 


dffilson ol St* pin 


For square sections between lOSmm to 
1 20mm, the length of the splice should be 3 
to 4 times (tie width of thp 


Ihf dr*v pn 
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0 Upper wood and lower wMd 




© The upper wood slides over the lower 
wood the draw are shown to display 
the direction Of insertion • 


The tensile test was also carried on an 
105mm square section assembly made of 
black pine, An even bigger strength 
increase than that of the gooseneck splice 
was obtained- The joint failed at 40QC)kg by 
shearing through one of the adhesion 
planes 


& Completed Splice. The drew pins are in¬ 
serted, 
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Test semp.lt! dimensions 





































































































10 

UtorK dRpJacemem 




Bef-nra f-ailurO 


After failure 
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• SPLrCE 04 • 

Mortised rabbeted 
oblique splice 

(Konawo fsu-gi) 


the principal difference consists of havin g; ro 
shill away Inam each Qi her the upper and 
tower woods to complete the splice. The 
tensile test produced results identical to 
splice 03 . 


Roth ends of the splice are identical; 
only die uppT wood is displayed in [tie 
diagram- This joint is also assembled by 
sliding over each other the internal faces of 
[fu - upper wood and lower wood, keeping 
[tie surfaces of the middle drops (surfaces 
“d”} in dose contact. 

To complete this splice,, the upper 
wood is shifted away from (hit tower wood 
alcing the longitudinal axis. Finally a single 
draw pin is inserted between the middle 
drops, interlocking the Irani and back sur¬ 
faces of the joint '(surfaces “a”). This splice 
is siniikir to the preceding one. hi this case. 
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For square sections between 10Sntm to 
i 20mm, the length of the splits- should ho 3 
to 4 times the width of the section. 
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0 Upper wood and lower wood 0 The surfaces of the middle drops sur¬ 

faces "d* 1 touch 



© A shift in exi&l direction opens s gap 0 The splice is completed by inserting the 
between the middle drops of the upper draw pin. 

and lower wOOdS- 
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Size of the Dimension of the tost sample 




Load displacement curve 












































































































Before failure 


After failure 
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• $p\ icf os m 


Blind stubbed, boused 
rabbeted oblique scarf 
splice 

(Shiribosomi Isugr) 


The Kh;ipe and mechanical properties 
of ill is ijpU&e art practically identical to 
splice i 14. Aesthetically speaking however, 
this splice t* said lo be oF a superior design 
than other rabbeted oblique scarf splices; 
Lin elevation view of the splice reveals only 

Li, rltan siraigbl line. 
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Elevation 


■M 





For &qu 9 ir<p sections b&twuen 105 to E20 
mm the length of the splice should be 3 to 4 
times the width of the section. 


Wig 







0 Upper wood entf lower wood 



0 A shift i'i oxisl direction opens 3 jjap 
between the middle drops of the upper 
and Jpwtr wood. 



O The splice rs completed by inserting the 
draw pin. 



0 The Surfaces of the middle drops Uur 
faces "cT 1 touch 
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• SPLICE 06 • 

Tenon and mortise 
splices 


[Mechiire] 



, j.1 Gross-shaped tenon and mortise 


splice (juji mecliurc 
This splice is effective against Torsion 
^01 cannot resist any tensile forces. It is 
often combined with splicing plates bolted 
throughout. 




O Male end female 



0 Assembled splice 





Male 


Female 
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(2) Right angle tenon and mortKe splice ^ wo faces of this splice reveal a clean 

{kancOri tnechiire) slraighl line when assembled, 




O Mala ants f&rnale 9 Asiicribk'd splits 


,'V Housed tenon and mortise splice 
kakushi mechiire) 

Three Faces nf this spli(.:c reveal a dean 
straight line: once assembled, h is a comm on 
method For splicing exposed posts.. 
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Female 


Male 



O Male and fsasale 



9 Assembled splice 
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1,4) Blind tenon and mortise splice 
(luiko mechitre) 

This beautiful splice reveals only a 
Clean straight line on (ill faces once assent’ 
bled, However, manufacturing of this joint 
is technically difficult. 




O Male and female 



Assembled splice 
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* SPLJCf 07 • 

Halved rabbeted oblique 
scarf splices 


(Esuka tsugi) 



This decorative splice is often used tbr 
jipishings particularly on exposed ceiling 
members; it Has very few structural applica¬ 
tions. Double-faced halved rabbeted 
oblique scarf splices, as shown in figure aj, 
when applied as decorative design, are 
dimensioned sin that the length of the in¬ 


clined plane is twice the size of the cross 
section. For stronger structural use, as for 
batter posts for example, the length □! the 
inclined planes is made equal to the size of 
the cross section. The double-faced halved 
rabbeted! oblique scarf splice with key and 
the single-faced halved rabbeted oblique 
scurf splice, as shown in figure b) and c) 
respectively, am often used in buildings 
where appearance, a factor of the- length of 
the splice, is not of utmost importance (for 
example, the ^residents'’ building of a tem¬ 
ple). Hereafter described are three exam¬ 
ples of halved rabbeted oblique scarf splices 
with three faces or metre: 



{&) Double-fated halved rabbeted oblique 
scarf splicd 





b Double-faced halved rabbeted! oblique 
scarf sflike with hey 






































































































































(1) TripJe-fated halved rabbeted 
oblique scarf splice with key 
The key has no strut! oral function. Ii 
is designed so that the splice cannot 1 m 
easily pulled apart. As mentioned earlier, 
rite appearance oF these joints. is a direct 
function of the length of the splice. How¬ 
ever, (he longer splices are also weaker. 
Consequently, the inclined faces of the joint 
arc made to Ire a maxim urn of two times the 
sbee tjf the eross section. 








SFiJCE 


23 







0 Upper wood and lower wood 



0 The splice is completed by locking it with 
a key. 
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surfaces. Very sophist irate*] craftsmanship 
is required i« manufacture this joint. 


(2) Miyajima spike 

Very similai to (he previous spike. The 
difference resides in the presence of 51 
triple-faced cone at the end of the inclined 



Q Upper wood jjrtd lower wood 




5 FtJC£ 
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1 .p Quadruple-faced halved 
oblique scarf spike 
The simplicity of this spike 


rabbeted 

hides the 


complexity of manufacturing it. Meticulous 
.1 ciition must be devoted lo finishing i* 




0 Assembling the splice 



© The splice is completed by locking it with 
a key. 
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• SPLICE OS • 

Housed splices 

(Kokushi tsugi} 


These splices Eire often used on lioisb- 
mg materials, 

1) Housed rabbeted oblique scarf 
splice kakushi kanawai 


Very similar to l he rabbeted oblique 
scarf spike except that only hall ol the 
width or the sec non is rabbeted oblique, 
fhc Ollier bait is housed producing II dean 
straight line on two faces once assembled, 
This joint is useful when no significant 
strength is required- The: length ol the splice 
and inclination of the oblique surface dine 
3 and c) arc arbitrary. 



'ijtI.kjr 


so+afts 
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© Male and female © The male slides into the female 



draw pin. 















































































































aa 

(2) Blind tenon and mortise ihako 
daliDDtbiJ 

Similar in shape lO the previous splice 
bin without any inclined surfaces. A key is 
used to lock this joint together. 
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0 Mala and female © The mate slides into the female 
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;'V Blind pin (hako sen) 

This splice also fallows the mode! uE 
Lhe rabbeted oblique scarf splice. The form 
of splice 04 i h earned oil two perpendicular 
faces. 
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Male 


— 








Female 



faces "d" touch- 



© A shift in afciaS direction opens a gap Q The splice is completed by inserting, two 


betwtrgn the middle drops. dr*w juris. 
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(4) B>ljnd key hatn shachi; 

Almo&t identical to [he previous splice 
but without any in dined surfaces. 


A key is used to loti the joins together, 
The preparation of this aplicc is easier than 
tor the blind pin, 


0 Male and female 
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Female 



o 


The splice is eornplated by inserting two 
keys. 


0 Exposed surfaces after completion 
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(5) Pofe icricrn ( 

Pole icnons art: ywd on exposed ceil¬ 
ing dements. The three fares of ihix splice 
reveal a dear straight line once assembled. 





Sfiice 


3S 





® S-Sms 


. J—.. . 


Plan; bottom 
-1 


Female 



© The male' slides, into the female. 


0 The Splits is completed by insdrtmfS two 
keys. 
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# SPLICE 09 • 

Column splices 

fHoshiro tsygi) 


(1) Four faces gooseneck splice 

Two gQOSft necks art: Carved diagonally 
across the sec don. The male and iemaJe 
slide over each other at 45’ to assemble the 
splice. The two goosenecks arc small in 
relation to the size of the section, Skillful 
craftsmanship as required while manufac¬ 
turing- This splice is suitable for large col¬ 
umns. Hard wood, such as zeiknva, is often 
used. The peculiarity ol this splice is the 


identical gooseneck mold found ou nil laces 
of the column. 





® Same 


O Comple-tioo 



























































































































(2) Glam-shaped splice k;ti no guclii) dements such as the central column in a 
This relatively long sptict has a lew pagoda, Both ends exhibit a * Trench type 1 ' 
exclusive applications- Twice the length of tenon and mortise; pattern. Finally to stiffen 
the splice is required in assembling which is the assembly, a steel ring may slide over the 
very inconvenient underpinning. If is juinL. The spUci- is polished with sand- 
usualh' reserved for splicing distinguished paper. 
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0 Upper woc-d and lower wood 



® Assembling the splice 



Completion 
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{'A) Blind splice (hako tsu^i) 

This splice is inferior in sirength to the 
rabbeted oblique scarf splice because of the 
mclliod used to lock the joint. A key con¬ 
tribute;; liidf 10 tile sturdiness of the assem- 
hly compared to a draw pin. The key hole 
and the longitudinal joim line are 
positioned ai the corner oJ the section 
making this splice very attractive on col¬ 
umns. 






SPtJCt 


A\ 



q Upper wood and lower wood 



® Sflrnp 



0 The upper wood slides over the leaver 


wood. 


O tn Bartini! the key 




Same from a different perspective 



0 The splice is completed 


It*. 
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; Osaka Castle-Otcmon Gate's pillar 
splice 

Oicmcm gate is the only known exam¬ 
ple or this design. Orsoc assembled, a deco¬ 
rative mountain skyline like pattern can be 
seen mu the surface. An X-ray test had 10 be 
carried out to investigate the inter na \ struc¬ 


ture of the splice. Mu gap exists between the 
two parts. 
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& The male is inserted into the female by 
Sliding, it Upward from the center to the 
edge. 



0 Completion 
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X-ray picture A 

The bright lines are the internal parts df the 
joint and display the outline of the dc^eteil, 




X-ray picture G 


The axial black lines display the grain &f the 
weed. The horizontal lines Ond the mountatn 
shaped lines are the upper face pf tha male 
on the inside and the seam on the outside 
surface. 


CONNECTING JOINTS 
















































































































































































































CQNWFCIrWC JOIN f 


4? 





The brace is inserted in its final position 
Opening a space for a wedge, 


wedge. 


O Arrangement of the members 


The brace is inserted into the slot. 


• CONNfCfJNG JOINT 0 ) • 

Half dovetailed joint 

{Kotostrge ■ari) 


dovetail connects a single tic into a corner 
column. I hie diagram bdow shows a li*. 
connecting into ft column from two opposite 
Sides. 


vh- 


Thc model depicts a wall tie oomneet- 
i.i]j? into a corner column. The column w&$ 
split in halflcngthwise to reveal the interna] 
locking mechanism. Wall tics are usually 
covered up, however, traditional Japanese 
architecture sometimes call lor exposed tics, 
'[’he wedges, somewhat longer than ucccs- 
sary, arc driven in as deep as possible to 
avoid rattling. Firssi„ the columns are erect¬ 
ed, then the ties are inserted to prevent 
horizontal movement. Wedges arc driven in 
after Lht: erection is completed. Braced walls 
help resisting horizontal earthquake loading 
iii Japanese wood architecture. The hall' 


The brjee is 
*n£*!Kl I her. soA 
ir its I 
[Mahon 


wedge 





J 

--1 




Wsll purlin on two opposite 
sides of a column 



















































































































































• CONNECTING IQiNT 02 • 

Wedging joint 

(Wari kyscibt) 


This joint connects columns with 
grounds,ills, girders, girl, eti . In rlu- model, 
(he column was split in half lengthwise to 
reveal the internal lucking system. The joint 
Is simply assembled by in sen Ini' lIlu tenon 
into i he mortise. Two wedges are pounded 
Sn the tenon, splitting it open and locking it: 
against the mortise, 
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• CONNECTING JOINT 03 • 

Blind wedging joint 

(Jigoku hozo) 


fully, Tin* Ln^icLu of ilic- mortise must lx* 
clean and blown free of any debris, Some- 
times i]n' joint is splashed with water after 
inserting the tenon into the cavity. 


This model was also split in half. 

This joint is common I v used on eave 
brackets, hanging posts oF lintel and when¬ 
ever the tenon and mortise arc better left 
hidden. To assemble this joint, two wedges 
art: loosely driven in the tenon. The tenon is 
then inserted in the mortise and driven in. 
The wedges hit the bottom of the mortise, 
opening the tenon like a fan and locking it 
permanently. Experience is important in 
manufacturing this joint. The tenon is 
always cut a little hit shorter than the depth 
of the mortise to insure the dement being 
assembled is fully inside before the tenon 
wedges itself permanently. Some techniques 
are helpful for assembling the joint success 
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• CONNECTING JOINT 04 * 

Housed dovetailed joint 


(Okyrf 


art 


This joint is. frequently used on hang¬ 
ing posts t(5iirUnka), At first the dovetail is 
inserted in ihe larger opening of the mortise 
(area A) and then shifted sideway into the 
narrower situ (area B) which has the exact 
inverted shape. Finally a wooden plug' sci 
to ensure the joint will not easily come 
apart. Sometimes the dovetail is cut in half 
along the depth of the male end. The 
Ltsserubiy proceeds as mentioned earlier. 
The larger opening of the mortise (area A) 
is now Etiddcn by i he male. The latter form 



of this joint cat] fie used to anchor the legs 
of shelving units on a floor. 
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O Male and female 


ths martisB. 



Same 


O The dovetail is shifted into the smaller 
end of the mortise. 



® Assembled joint 



© The plug is not sho^n for clarity. 
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• CONNECTING JOINT 05 • 

Sumiyoshi double tenon 


The upper icnnn is a dovetail with 
jlitriMS side walls. The Lower tenon is rectan- 
^uUr with one surface tapering up. The 
j u [ n( \& assembled by sliding the double 
,,11,;.n upward into (he mortise at (he: same 
jugic as the tapered surface of the lower 
tenon. Master Sumiyoshi learned of this joint 
tVoni fellow craftsmen. An X-ray ptetute oE 
ihc assembly shows some discontinuity 
making it not entirely satisfactory. 

X-ray photograph showing a discontinuity 
after assembly 

The lower tenon appears completely white 
suggesting an imperfect fit. White gaps can 
also be sean on the left a rut right side of the 
tapered tenon. A perfect fit after assembly 
ensures the integrity of a joint. 
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® Ssrne 


O Assembled joint 











































































































































































• CONNECTING JOINT 06 • 


assembly before inserting ptn and keyi. 
orherwise the components could Ire exposed 
to excessively large stress. 


3a 


Double plug 


This assembly connects two beams on 
opposite faces of a column- The beams arc 
spliced through tin: column. Larger splices 
(pole reiion] produce sturdier assemblies. 
The beam with the longer tenon is con¬ 
nected to the column Hrit. The second 
Ixam is inserted and shifted Forward unlit 
the lower tenons butt at the centre of the 
column. The connection between the beams 
and the column is completed before Finish¬ 
ing the splice between the beams. Irs Order 
to provide l he joint with enough tensile 
rctistance^ two keys and a draw pin are 
driven in. One or the other would be insuffi¬ 
cient by itself. It is important to tighten the 





' 


l HULYj 


rfcu 3 _ 
U_ 5 


TW 


I 

Beam 1 mail 1 


Column 


CONNtCrJNG iOWT 


Beam 2 ' female 

















































































































































































60 



0 Beam 1 is inserted through the column 



© Beam 2, slides. over the projecting ertd of the tenon of beam 1. 




A draw pin completes the essembly., 
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• CONNECTING JOrNI 07 • 

Triple plug 


This assembly connects three beams 
on three fates l»I' a column. The (wo oppo- 
silt' beams are spliced through the column. 
The first beam to be connected (iKiyni l, 
short male) is perpendicular iu the other 
two beams, A dowel secures ir to die cub 
mini. The isoco-nd parr of the assemblage 


proceeds, in (lie same fashion as Jbr d lc 
preceding joint. The lower part cd the 
tenons of beam 2 (male) and beam 3 
(female) is shorter than on the double phn> 
due- in ihe: presence of the extra beam, A 
very tight joint works bcucr. In order [ 0 
achieve this, die long projecting tenon 0 ] 
beam 2 (male) is made a few millimeters 
shorter chan the dimensions quoted in the 
figure, The triple plug give* the appearance 
of continuity when seen from the inside, 
Seen from the outside, a seam can Lkj seen 
where the two opposite beams meet. 



From left to right; bvom 1 ; female, 1 , beam 2 lshort male', column,, beam 3 (male 
A dflwd, draw pin and two kays are at the front- 
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Sl!if? 




Se6r« 3 (female) 




Col join 
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® Beam 2 imjle Is assembled nestt.. 


0 Arrangement of th<} members 


0 Beam E short male is assembled first, 
The dowel pin is inserted. 



0 Beam 3 {female slides over the pro jett¬ 
ing end of the tenon of beem 2 
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• CONNECTING JOINT OS • 


Groundsill connectors 

(Dodoi shiguchi} 



(1) Housed dovetail (ai t otoshi) 


A dovetail is carved on half of the 
depth of one member, A rectangular tunr- 
lesc mils through the depth of the second 
nu mber immediately behind the mortise fbr 
the dovetail. A column with a simple tenon 
may complete the assembly. A draw pin 
.secures the column to the groundsill. The 
length of the pule tenon on the column 
equals the depth of Lbc groundsill, TIilis ? 
even It the groundsill rots., the column will 
stand firm. This often happen since the 
groundsill is usually made of softwood and 
the column made of hardwood, 



O A draw pin eomplBtos- the assembly. 


-V- 


M 


Tenon 

Ifj 


Column 


Bai 


rf; 

t 


L_ 11 _I 


I 3 

A 


Eleawn 

]L 

Ji 

sJj 




j Li 



Groundsill A 

± 

1 

.1 

l J 





m 



ft _T7^ 





EfeE'in 


Plan 

i 

i 


M 

- J 

j — 


— r \j~ 1 



Housed dovetail 


(2) Rabbeted tenon gnd mortise (kone 
huzp sashi) 

l rite joinl is useful lu assemble corner 
groundsills. The male sill B has an eccen¬ 
tric tenon at the end. The female (A) has a 
mortise cut throughout. After assembly, a 
wedge is pounded through a slot in the 
tenon, locking the members together. If 
there i* enough room Left ar the L'nd of 
member A :distance a — H '21. a column 
can Ik- connected over the joint using a stub 
tenon. 



Left side: housed dovetail. 

Right side: rabbeted tenon and rmjrtiw 















































































































































corvrvfiiifN'C joint 



(3) Corner miter tenon (sumitome hojso 
sushi) 

This joint also connects corner yrouild- 
r ,jlls hut is more attractive [ham the previous, 
nnc- A tongue and groove on the inside 
ensure rigidity while a panel on tht: outside 
gives the joint a cleaner look. The outside 
seam is located at the corner making the 


assembly appeal to have been made out of 
a single piece of wood. The tapered panel at 
the end oi member B : mole' reduces the 
distance al left at the end of member A 
(female). For this reason, a trapezoidal 
stub tenon is preferred to connect a column 
over the corner joint. 


Groundsill A 


Groundsin B 


Column 


f ■rvalsnn 


Elridton 


Ran, b&L frri ■■. i -■■■ 


Plli' tKtlOfi! VO* 


© Arrangement of the members 


Bevalkm 


Groundsill ‘A 


Groundsill '.B 


Rabbeted tCnOTT and mortise 
ieft : After the. male is assem¬ 
bled, a wedge- is pounded in, lock¬ 
ing the joint no column shown • 
Housed dovetail right- i the msl e 
slides into the temple- The column 
is assembled end the joint ip com' 
pleted by driving in s draw pin. 
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• CONNECTING JOIN 7 09 # 

“Kyoto” system 


L'libs roofing system pins very special¬ 
ised elcme nc k. The cave girders run on cop 
of rbc columns on the outer walls- The 
rafters are connected to itc beams called the 
rainbow beams, I he rainbow beams are 
supported by the cave girders. The support¬ 
ing point of the rainbow beams is deter¬ 
mined with a tool called the rainbow board 
f hil eari its). The basis Ibr the tool support 
system lies on the saddle point (tqgc). The 
saddle point is at the intersection ol the 
bottom edge of the rafters and of a vertical 
line perpendicular TO ebe center line £>t the 
cave girders. Often this, point is located 
above the cave girder in order tu avoid 
weakening of (he same. The rainbow beam 
has a dovetail shape at the end which 


connects onto the cave girder. A groove as 
wide as the rainbow I team is also cut in tr> 
the cave girdet to give full support io t h,> 
rainbow beam, E his system has to be made 
strong enough to support the roofing lourj 
and also roofers, wha Frequently htuig onia 
the tit: beams during erection or use them to 
lift loads. The full width groove protects 
against splitting of the tie beams. Another 
groove is sometimes cut through the top of 
the rainbow beam to receive the rafters, 
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mortise : 



A rafter is installed Qn the top of the 
rainbow beam, 



Cf The- rainbow beam connects on the 
girder through the feabutd dovetail 
system. 



A covering board completes the kyoro 
System. 
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The pitch of the rafter is projected Ori the rainbow beam using the rainbow board. 





“The connecting point between tie beam and girder is spotted using the rainbow board, 























































































• CONNECTING JOINT JO * 


“OriofctT system 


In this case, the ta Liars’ tie beams sit 
directly on rop of the culm tins and the cave 
girders run on top ol the tie beams. The 
stepped tenon of the column is notched a 
few millimeters shorter than shown in the 
diagrams to avoid having the girder acci* 
dentally snagged by n. The Orinku system 
renuLts in a tower ceiling height than the 
K-yoro. The Kyoto system in more flexible 
because rafters and tie beams do not have 
to be supported at the same location as the 
columns- 



Eave grdef 



From left to right: r-after, girder, column, tie beam 


_ 
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IFIan.lcp yitw 


Column 


F^an, bottom 
we* i _ 




Girder 


Tie beam 


ft The column, is set on a .groundsill. 


© The tie beam is set onto- the column 
column head: stepped tenon . 
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0 


0 The rafter sits on top of the eave fiirder. 


Same as above 


0 Same as before 
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• CONNECTING JOINT J J • 

Tie beam connector 

(Koya daimochi} 

Sometimes lie beams must be spliced 
and tied id an internal roof beam network. 
The unique characteristic of ihis \oim is 
that neither the lower tie beam nor the 


upper tic beam suffer a reduction in section 
at their .splicing point/The diagram displays 
she arrangement of such a joint with 
provision for a purlin post on lOp oJ the 
assembly. Generally purlin posts are evenly 
distributed- They are not always located at 
the connection of tie beams and roof beams. 
The dowels used 10 position the tie lieams 
over each other arc usually 30mm wide and 
arc always drilled in vertically instead of 
normal to the internal faces of the joint. 
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© The tower tie sit-L. on the internal roof beam. 




The upper tie beam sits on the Jewor tie beam. A Byrim post is added to 
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• CONNECTING JOfNT 12 • 


Hip rafter joint 

(Yosemune no sum]) 

Three kind? of hip rafter joint with live 
sun pitch wilt be introduced (one sun Is. one 
tcnih of a t'£K]i). A3I of these joints have 
common characteristics. The roof rafters 
[including corner’s euve brackets) arc 
normal to each other and ilEI uF them have 
the same pitch, 

(1) Tee-shaped girder joint 

Precisely manufactured tenon and 
mortise (jjoya hocw sasbi) arc necessary to 


make this joint. The hip rafter [suinigi} siis 
on top ol [he: longer girder. An coccnlrir 
tenon and mortise serves to assemble the 
cave girders. 



From left to rights Corner's eave brackets, 
girder A). girder B), hip rafter 



Cornar's save brackets 













































































































































































COWIfCTTNG JOINf 


54 



O Arrangement pf the girders- 



0 The hip rafter is set &n toe ef ths girders. 



& GirdOr IA' 1 is inserted into girder 3 and & wedge is pounded in rabbete-ci tenors end 


mortise - 









































































Layout(1) 

A carpenter square Ls used, to layout the dimensions on site. One side of the carpenter 
square has a 1:1 scale. I'h-C oilier side has a I:y'2 scale. 

Figure it: shows how in layout the dimensions, lor the rafter sotkeLs on the cave girders. 
On girder I, a Line is extended down from the ^togc" (point A) with the same pitch as the 
rafters' 1,5 sun pitch , This line internet! girder 9 on the lop face: and outer face at point B 
and poijir C respectively. Two lines, parallel to die Center Line-of the girder, are laved out from 
point B and point C to the intersection with girder EE at point G and point D. Line CD is 
extremely important. It is citUed the “Kuchwaki” line. From [joint D another line is laytd out 
with the same pitch as rhe roof rafter*. This line intersects the end face of girder II at prim 
f. Line tvE is drawn across the fate, parallel to the top surfaces of the girders. The planes 
S'I1IV and WXYZ represent the bottom faces of the grooves destined to receive the rafters. 

The layout for the hip rafter is displayed on figure b) , We have just explained how point 
8 amt C were created from the “tosc" (print A ( on girder [. In the tame fashion, point B' 
anti C are established on girder El. 1 he Kacliiw.ik: Cine front poiflt G and its counicrpuit cal 
ihc: I Op surface I mm point H\ arc drawn along girder II. Line R J - intersects the inner face of 
girder f at point H ’line B'll i* parallel to girder's LE center Urn: ft^just as line BG is parallel 
to girder’s | center line PQj. 





iaJ Girders, layout with notches f&r raftees including corner eave brackets 
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A flew lint. GHl is fayed out on lop of the intersection of the (wo girder*. Two more 
poiiHS v J and K are set uric half of I he flip rafter width apart from she center point li and point 
tl. I*hc iidc.'i of sfa- hip rafter are pffljffiled down on I he top surfaces to form lines J|* arid 
iine KK\ On daw lines,, poetic J F and K' are extended to the mtcrsetlion with the outer lace 
of girder II at point 1. Line IN in drawn lit one hall the tool rafter's pitch (2.5 suns pitch 
on the outer face of girder ]J. sloping down from point I. The extension of line J,J' and Him 
KK' give ns point L and point M, located on She outer face of girder II, From point L and 
M, two vertical line* are drawn down the face of girder El. I Tie intcrnecdon ofthst lines with 
line IN prod non point N and point O rcapcctivcly. Wc now have aU of the lines Jiece&arv 
CO' Cul Out the groove* destined to receive the hip rafter. I'he hnitorn surface of the groove is 
included within J"K'ON. O K/:width of hip rafter) 

LN=J ' L *m?2- M0=KM *lfe- !L=JL * /2 ' -lf=H^2 


Ftguie f : demonstrates how to layout Lite lateral pitch on ihe (op surface of the hip rafter. 
The plane BCD on figure c) is parallel to 0^3,0 in figure b) The lateral pilch of the top 
surface is given by the ratio of EF/BF on figure e). 

Assume AC-h 

CB-2h, AEWah, CX>=2Jih, AD=3h r ] : 5E5=2h. AB 3 —BE : = AE J BD 3 -BE J 
EDz At: +ED- AI> 


ED=----h 


AB ! -- BD 1 —AE a -ED ,= (AD-ED) 3 - ED^Sh 4 - 6h’ ED . 

AE=An-Ki)=3h- |-h=|*, rr=EDi.^=f-^=fh 
FD •- ■ ED * ...- /2h BE 4 A B 4 AE* y h 2 

z FF'D= W\ z FDF J =45° FF' = FD * ^ - h (- F D) BF BD - FD - 2h - h 
= h 


BF - JWP* + FF* - fih BF S +EF 3 = yh 1 =BE* 

consequently zBFE-9fT ^'h / U'2h] - * 

Figure d) demonstrates how to layout the cutting plane lor the inter sec non of a rod 
rafter (corner cave brackets included) with the hip rafter, HIJ on figure c) is made parallel 
to 0|R|<.r in figure b;. GIJ on figure e) is. made parallel to C),B ; G in figure b , The surfaces 
GHJ o.rtd GKN am on the Hide of the rafter (corner cave brackets included) Their pilch arc 
Gl/IJ and KN/KL rtspectivciy- 

zGJJ=zHU-W zGHl z(5Hj-90 fl zEllj- zIJH -in 0 
Assume EJ-a 


IlL=a lll=v‘2a tan (zGjM)= lfZ/2 GH=jH GF=GlF-t-[II z = ^a J 





coMkftrir.KiG j&iNr 


consequently 

GI/U =j y- 

Z KLI = Z KLG=Stir, z KN‘.I = Z KNG ■ Sir, ZI IMG- z HMJ-80’ 




2/2=-^h 


Finally, figure c) shows the layout of rlic bottom of the hip rafter where it contacts the 
girder. XYZ in figure e, is made parallel to 0,15,0 in figure b • 7.YD and KYD contact rhv 
faoc of the girder, The pitch Is FX/FD. Let the hip rafter width be VV. 

CY=E Y=CX = EZ “ ■ AD - DB - X l’ v FZ= 


GH_ 2 


Assume KL 

1 h 


V5 


GL 


GK - 


KN 


CuiiMijiLctJtk 


M 


KN/KL 


AC-YD- Be =£*-U » 


AX=BZ=-f*^ = ^ FD-AX 

rxirD-±v/(m-*g 
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fe Layout of the bottom of the hip rafter at the intersection with the girder 
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(2) Cross-shaped girder joint 

lit practice ibe girders jam together in 
a Tee-shaped assembly ^ Afterward r a 
"nose” is added in the shorter girder, giving 
die joint rht: appearance of a cross. 


-* —&-- fiasi rattier prli#i(5 &A pltfi) 

-■ - hip utte yiicji 

--haihivjo! rjrfilT *» 5u: pith) 



Plrn.lop v*e» 


L. Tr .J 


ttfiWm , c-tt 



On toPr trom ieft to right: Girder B r girder nose, 
girder A, Kip rafter 
On the bottom; rafters 
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Hip rafter 
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© Arrgngemont of girders A and B and af the girder nast 


© Girder B is inserted into girder A housed dovetail 
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0 The girder nose slides into girder A choused dovetail . 



0 The hip rafter is set- on top trf the girders. 
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(3) Bevelled halving (nejigumi) 

The cave girders cross on lop £al each 
other eii a formation called hip corner. To 
balance [he strength along IxkIi axis, die 
girder sect.ions are carved out by an equal 
amount. This concept of joining Is called 
bevelled halving- The girders overlap at 


their intersection The stepfied lenfirt ol'lhc 
corner column slides through the intersec¬ 
tion of the girders and extend beyond it, 
ready to receive the hip rafter. The hip 
rafter joins onto a rafter column set back 
from the corner column. 
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, r • 


Assume OP=h 

R$=PR^2h, PS=2v ; 2k OS 3h 

since z ORQ- 91V 

' ^nR - Z PRO} J »CJ = PR * 2 =4h 
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sincezOSF - z TVS with OR/RS *• 5/2. TV = -^W * ^ 
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Cir ij l!" A 


Flan: 300 view 
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Angle br*ce 
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Column 
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T&0: Angle brace, center from left to right: rafters, rafter column, girders A and S, hip rafter 
Bottom: from left to right' Covering boards, columrs&, hrp rafter pnpst 


As.aflm.blim? the eave girders 


Arrangement of the columns 
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0 Assembling the eave girders (the stepped tenon of the corner column extends beyond the 
girders to the top surface of the tup rafter: 
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O The bevelled halving joint is completed. 




1 9 Installing a short post to support the 

h<ip rafter necessary for this system only ; 



© The corner rafter Is fixed. 



© The roof rafters are set. 
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The rafter column is connected to the 
hio rafter, 


© The covering boards are on, 



i 
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(ft The e&ve's boards complete the structure. 
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CONNECTING JOINT ? 3 

Corridor girder 

(Engawo no keta) 


This Is a more complex joini than the 
previous hip cornier joints. The structure is 
composed of two log girders, joined in a 
Tec-shape and of a log girder nose. The 
girder nose (B 1gives the assembly a 
balanced look- The shorter girder (R-2.) 
seems to form a single continuous member 
with the girder noEe. To accentuate this 
effect the nose (B-l) and the short girder 
(B-2J are cut out of the same piece of wood. 
This assemblage is extremely complex- First 
the nose (R 1) is inserted into girder A. 
After the tenon has gone i Si rough, the nose 
is rotated at 90 degrees anti pushed toward 
A in its fmal position- Aljerward, [he short 
girder R 2 is assembled unto girders A anti 

B 1. 



Arrangement of the log girders. From 
left to right girder n-ase .& 1 , long 
girder A , short girder B 2:1 



0 The girder no&e's 3 1 tonon i& inserted 
into girder A in a horizontal position. 
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CO Log girders with the hrp rafter ond column before inserting the drew pins. 
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# The girders ere installed on top the corner column and the keys ere inserted, 



© The hip rafter completes the assembly. Jt is not necessary to fill the gap in girder 6 .2 with 
□ plug, 




















































0 1 : Girder nose 


corner column. Bottom from Jeft t* right: Girder nose B I , short girder B 2. long girdor 
A. hip rafter 


Fi'tflf mi:it pun )!S Em 

K‘|i rjHW plfh 

HjI Krai njflfff pHth (2 £ !ir pftji; 
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B 2; Short girder 0 2- 
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IJ5 


D: Corner column 




A; Long girder ! A 
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• MISCELLANEOUS 0\ • 

Gable board 

The gable board is used 10 cover the 
(iEids of purlins and gilders. The joint con- 
Elect ins' The two sloping board is tilled 
’Vigani”, which means praying with hands 
clapped together. I’hrcc ways of making an 


“ogarni 1 * arc shown. The gable boards ait 
not fixed vertically to the ends of the pur¬ 
lins. Aesthetic liI considerations determine 
the angle al which they are fixed. The 
"ogarni” joint is the weakest part ol the 
gable board, consequently when exposed to 
loading a |jap may open at the bottom, lo 
avoid this occurence meibods 1} and 2) are 
preferred. 


{!) Ogami with encased cross brace 



O The erOMbrace is inserted onto the $ Two pins look, the crossbrace in place. 


liable boarO- 
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O The abutment* ora inserted onto the gable board from top to bottom: Abutments, gablu 
board, Cr0**bf&c6> drawpins:. 
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Crosshrace 




® Seme © The drawpins secure the joint- 
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Exposed surface 










































































































































(3) Ogairti with Stub tenon and key 
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• MISCELLANEOUS 02 • 

Level 


Traditional: libiki-d level- Longer levels 
give more accurate readings. The level is set 
on top of the surface to Ik: measured. Water 
U poured Into the middle cavity. I he hori- 
Konial line is found when an cqu;iJ quantity 
pf water HuWi on either side down the slot. 
In genera], tSic length of [ht level is two ken 
'.sin Feet) and the cross section is 2^4 
suit (one son is, one tenth ot a loot:, ibis 
hand level lias been commonly used in 
conjugation with batter posts lu set Level 
references around an area. 



























































































* MISCELLANEOUS 03 • 

Batter post 


The batter posts are used on frames on 
which lines arc taut as reference level. Tlie 
post is tapered to a point at one end to 
make is easy to drive into the ground, Fhe 
other end is crossbilled shaped to facilitate 
checking of vertical displacements tt\ the 
posts. 




Terminology 


Several systems exist for designating joints. The terminology is nor standard Lied, A? 
pointed out in the authors' comments, this book aims at describing a wide variety of splices 
and .joints, describing them in detail. However, no pretense is made of giving an accurate 
designation for all uF the joints, nor do we try to explain the Origin of the appellations 
selected. 

The following terminology should provide some help in understanding the technical 
terms employed. 


Beam (hari); horizontal structural element which receives loading from a roof or a floor 
and transmits it to the column h. 

Girder ketaJS horizontal structural dement within the framework of the external wall 
perpendicular to the tie-beam. 

Girt (dosashij: horizontal structural element within rhe framework of the external wall 
intersecting the second ftooi beam perpendicularly. 

Have socket i udegt): Bracket anchoring the cave rafters onto a beam or a girder.. When 
the cave rafters are not braced perpendicularly, the cave socket must be designed to 
carry a moment {cantilever eavc rafter). 

Hanging post (tsuriiuka): Hanging posts are used to suspend the lintel Irom a beam or 
girder when column height exceeds 2.7m. 

Tie nukii: Bracing dement within the internal framework of a wall running between 
columns;. 

Male-female: The positive and negative part of a splice or joint. 

Upper wood-lower wood In connection with joints the upper and lower wood, refer to 
two identical ends of a splice or a joint. When assembling the joint, the part which 
is joined onto the end already in place is called upper wood. The other end is the 
lower wood. 

Example: Rabbeted oblique scarF splices and oblique Scarf stub tenon 
Stub tenon : daimochi); When the lower wood is meant to be exposed to the vertical load 
from the upper wood over the entire section of the joint,, the assembly is called stub 

teilOU. 

Example: Blind -stub tenon and lie stub tenon 
Stepped joint (koshikake): When the male end nFa foinl is Stepped to transmit 3 vertical 
load onto the female, or vice versa, the joint is said to be stepped. 

Example: Stepped dovetail splice and stepped gooseneck splice 
Dovetail lari): The part of a i<>im shaped likn: the tail of a dove, narrow at the girth then 
flaring out. 
























Example: Dovetailed splice, housed dove till splice and halved dovetail 
Tenon (hozo): A projection at the end of the male pan of a .joint. 

Example: True tenon and mortise, rabbeted tenon, dovetailed tenon, blind wedged 
tenon 

Gooseneck * kamaj: Refers to the ribbed end of a long tenon. 

Example; Stepped gooseneck with tenon anti mortise and square stepped gooseneck 
with tenon and mortise 

Tongue and groove/tongue ;mcehure-mechihozD}; Refers to the joining oE two 
dements, A long and narrow tenon (tongue) covers the length of the end surface of 
the male; an equivalent groove is carved on the end surface of the female. 

Blind joint (hakn): Refers to an encased tenon shaped like the letter "I" or the Japanese 
kana (kq). 

ExampEc: Blind tenon and mortise,, blind stula tenon, blind pin and blind splice 
Cross billed or halved joint isuka Refers to a joint where the male anti female art; 
shaped like the beak of a crossbill Finch, 

Example: Halved rabbeted oblique scarf splice,, triple-faced, and quadruple-faced 
rabbeted oblique scarf splice, Miyajima splior 
Miter joint itomt); When an inclined scam is located at the intersection of two members, 
the seam is called miter. 

Drawpin ‘ kniiiiscn: Two types of draw pin are used to tighten a joint. Some pins work 
in shear (type A) the other type withstand crushing pressure (type B) 

Example: 

A) rabbeted oblique scarf splice, double-faced plug, triple-laced piug 

B) Mortise rabbeted oblique scarf splice, housed rabbeted oblique scarf splice, blind 

pin 

Key (shachi); Locking element inserted into a key hole through the sections under shear. 

Example; iriple-faced halved joint, Miyajima, blind stub tenon, corridor girder, etc, 
Wedge kuaabi; Tapered triangular element pounded lie tween two surfaces, driving 
(hem apart H um each other. 

Example: wedged through halved dovetail, blind wedging joint, wedging joint, etc. 
Dowel dabo): Encased element inserted into a cavity passing through two joining 
surfaces. Example: Stub tenon on tics 











